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The Effects of Probiotics and Symbiotics on Risk Factors for
Hepatic Encephalopathy
A Systematic Review
Daniela Viramontes Ho¨rner, MRes, Amanda Avery, BSc, and
Ruth Stow, MRes
Abstract: Alterations in the levels of intestinal microbiota, endo-
toxemia, and inﬂammation are novel areas of interest in the
pathogenesis of hepatic encephalopathy (HE). Probiotics and
symbiotics are a promising treatment option for HE due to possible
beneﬁcial eﬀects in modulating gut microﬂora and might be better
tolerated and more cost-eﬀective than the traditional treatment
with lactulose, rifaximin or L-ornithine-L-aspartate. A systematic
search of the electronic databases PubMed, ISI Web of Science,
EMBASE, and Cochrane Library was conducted for randomized
controlled clinical trials in adult patients with cirrhosis, evaluating
the eﬀect of probiotics and symbiotics in changes on intestinal
microﬂora, reduction of endotoxemia, inﬂammation, and ammo-
nia, reversal of minimal hepatic encephalopathy (MHE), pre-
vention of overt hepatic encephalopathy (OHE), and improvement
of quality of life. Nineteen trials met the inclusion criteria. Pro-
biotics and symbiotics increased beneﬁcial microﬂora and
decreased pathogenic bacteria and endotoxemia compared with
placebo/no treatment, but no eﬀect was observed on inﬂammation.
Probiotics signiﬁcantly reversed MHE [risk ratio, 1.53; 95% con-
ﬁdence interval (CI): 1.14, 2.05; P=0.005] and reduced OHE
development (risk ratio, 0.62; 95% CI: 0.48, 0.80; P=0.0002)
compared with placebo/no treatment. Symbiotics signiﬁcantly
decreased ammonia levels compared with placebo (15.24; 95% CI:
26.01, 4.47; P=0.006). Probiotics did not show any additional
beneﬁt on reversal of MHE and prevention of OHE development
when compared with lactulose, rifaximin, and L-ornithine-L-
aspartate. Only 5 trials considered tolerance with minimal side
eﬀects reported. Although further research is warranted, probiotics
and symbiotics should be considered as an alternative therapy for
the treatment and management of HE given the results reported in
this systematic review.
Key Words: probiotics, symbiotics, hepatic encephalopathy, hep-
atic cirrhosis
(J Clin Gastroenterol 2016;00:000–000)
HepaticAQ2 cirrhosis is a global public health problem, witha continuing increase in its prevalence, incidence,
hospitalizations, and mortality rate.1–3 In addition, cir-
rhosis presents an economic burden with estimated cost to
the United States health care system ranging from $14
million to $2 billion per year.4 Hepatic encephalopathy
(HE) is a serious and progressive neuropsychiatric abnor-
mality in cirrhotic patients that signiﬁcantly aﬀects their
quality of life and daily functioning. HE is split into overt
hepatic encephalopathy (OHE), the severe form ranked in 4
diﬀerent grades according to the West Haven criteria,5 and
minimal HE (MHE), the earliest or subclinical form, which
can be a marker of the development of OHE.6–8 The
pathogenesis of HE is only partly understood. It has been
suggested that ammonia production plays a main role;
nevertheless, alterations in the levels of gut microﬂora [eg,
small intestinal bacterial overgrowth (SIBO)], which lead to
endotoxemia (ie, increase in serum indoles, oxindoles, and
other endotoxins) and eventually to systemic inﬂammation,
are novel risk factors for the development of HE.9
Lactulose, a nonabsorbable disaccharide and a pre-
biotic, is currently used as a ﬁrst-line agent for the treat-
ment of HE. A standard oral dosage of 30 to 60mL/d in 2
divided doses of lactulose has been shown to be eﬀective in
improving quality of life and cognitive functions in cirrhotic
patients10 and in reducing the prevalence of MHE.11 Nev-
ertheless, patient adherence to lactulose is poor because of
its common adverse eﬀects, mainly diarrhea, bloating, and
ﬂatulence.12 Other potential options that could be consid-
ered for the treatment of HE are the use of the antibiotic
rifaximin and L-ornithine-L-aspartate (LOLA). Oral rifax-
imin, especially in combination with lactulose, has been
shown to reduce the recurrence of HE episodes and increase
quality of life; however, it is costly and there remains a lack
of evidence supporting its use as a monotherapy for pre-
venting recurrence of HE.13,14 The administration of LOLA
has shown positive eﬀects in reducing ammonia levels15 but
further high-quality studies are needed to assess its eﬃcacy,
tolerance, and cost-eﬀectiveness.
Probiotics (eg, Lactobacillus, Biﬁdobacterium, and
Streptococcus) are live beneﬁcial bacteria which, when
ingested, may confer a health beneﬁt on the host.9 Pre-
biotics (eg, lactulose and fructooligosaccharides, mainly
inulin) are “nondigestible food ingredients that beneﬁcially
aﬀect the host by selectively stimulating the growth and/or
activity of one or a limited number of beneﬁcial bacteria in
the colon, and thus improve host health”.16 Symbiotics are
the combination of prebiotics and probiotics. It has been
suggested that prebiotics, probiotics, and symbiotics could
be a potential therapy for HE because of their beneﬁcial
eﬀects on modifying the gut microﬂora.10
Previous systematic reviews and meta-analyses have
been conducted regarding the eﬀect of probiotics17 and/or
symbiotics18–20 versus placebo, no therapy and/or lactulose
mainly on the improvement of HE and ammonia levels.
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More recent meta-analyses have concluded that probiotics
and symbiotics appear to improve not only HE and
ammonia levels but also quality of life, hospitalization
rates, and mortality.21,22 However, there have not yet been
any publications reporting the eﬀect of probiotics and
symbiotics in cirrhotic patients on other novel risk factors
for HE such as increase on beneﬁcial bacteria and decrease
of SIBO, inﬂammation, and endotoxemia and in compar-
ison with other therapies such as rifaximin and LOLA.
Therefore, the present systematic review aims to assess the
eﬀect of probiotics and/or symbiotics versus placebo, no
therapy, lactulose, rifaximin, and/or LOLA in changes on
intestinal microﬂora, and reduction of endotoxemia and
inﬂammation as primary outcomes, as well as their eﬀect on
the reversal of MHE and the development of OHE, the
impact on quality of life and the reduction of total
ammonia as secondary outcomes.
MATERIALS AND METHODS
Literature Search
This systematic review was conducted according to the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines.23
Search Strategy
The databases PubMed, ISI Web of Science,
EMBASE, and Cochrane Library were used for the
searching of the literature relating to the eﬀect of probiotics
and symbiotics on HE in patients with cirrhosis. The search
strategy included the following mix of keywords:
“symbiotic” and “hepatic cirrhosis,” “symbiotic” and
“hepatic encephalopathy,” “synbiotic” and “hepatic
cirrhosis,” “synbiotic” and “hepatic encephalopathy,”
“probiotic” and “hepatic cirrhosis,” and “probiotic” and
“hepatic encephalopathy.” These terms were searched in
titles and/or abstracts; when the abstract was not available,
there was a revision of the full article.
Studies Selection
The criteria used to identify articles for inclusion in
this systematic review were the following:
(a) Articles published in English.
(b) Type of study: randomized controlled clinical trials
(RCTs).
(c) Type of study participant: adult (18 y or older) patients
with hepatic cirrhosis.
(d) Exposure variable: use of probiotics and/or symbiotics
in 1 arm and a comparative arm receiving placebo, no
therapy, lactulose, rifaximin, or LOLA irrespective of
the duration of the intervention.
(e) Primary outcomes: changes on intestinal microﬂora (ie,
increase on beneﬁcial bacteria and decrease of SIBO)
and reduction of endotoxemia and inﬂammation.
(f) Secondary outcomes: reversal of MHE, development of
OHE, decrease of serum concentration of total ammo-
nia and improvement of quality of life.
The selection process of target trials was conducted in
the ﬁrst instance by the primary researcher (D.V.H.) but
then 2 co-authors (A.A. and R.S.) cross-checked the
selection process.
Data Extraction
Data regarding the following aspects were extracted:
author and year of publication, characteristics of the
population of study, sample size, duration of intervention,
characteristics of the study groups (description of the
intervention), attrition rates, and outcomes related with the
eﬀect of probiotics and/or symbiotics in changes on intes-
tinal microﬂora, reduction of endotoxemia and inﬂamma-
tion, reversal of MHE, development of OHE, decrease of
serum concentration of total ammonia, and improvement
of quality of life.
Quality Assessment
All of the RCT included were assessed for risk of bias
according to The Cochrane Collaboration’s tool for
assessing risk of bias24 using the following domains:
sequence generation, allocation concealment, blinding of
participants, personnel and outcome assessors, incomplete
outcome data, selective outcome reporting, and other
potential threats to validity (eg, stopped early due to some
data-dependent process or had extreme baseline imbal-
ance). To classify the included trials as low, moderate, or
high risk of bias, a score based on the domains of The
Cochrane Collaboration’s tool was used: 1 point was given
to each “low-risk” category, 2 points to each “uncertain”
category, and 3 points to each “high-risk” category. After
summing the points of all 6 domains, trials were classiﬁed
as low risk of bias if they had a score of 6 to 7, moderate
risk of bias with a score of 8 to 9, and trials scoring Z10
were considered at high risk of bias. The quality of a body
of evidence was also assessed by using the grading of rec-
ommendations assessment, development and evaluation
(GRADE) system. The quality of the evidence was based
on the extent of risk of bias, inconsistency, indirectness,
imprecision, and publication bias that existed for the evi-
dence supporting the intervention. The quality of evidence
was described as high, moderate, low, and very low.25,26
Statistical Analysis
The meta-analysis was performed using the Review
Manager software (version 5.3.5, Cochrane Informatics &
Knowledge Management Department, http://tech.
cochrane.org/revman/download). Reversal of MHE and
development of OHE were analyzed using estimation of
risk ratio (RR) with 95% conﬁdence interval (CI). The
results were pooled using the Mantel-Haenszel random-
eﬀects model. Reduction of ammonia and inﬂammation
were analyzed using weighted mean diﬀerences (WMD)
with 95% CI and results were compared through the use of
an inverse variance random-eﬀects model. Statistical het-
erogeneity was evaluated with X2 and I2 statistics, where X2
assesses whether observed diﬀerences in results are com-
patible with chance alone, whereas I2 provides an estimate
of the amount of variance across studies resulting from
heterogeneity rather than chance. Substantial heterogeneity
was deﬁned as >50%.27 A P<0.05 was considered to be
signiﬁcant.
RESULTS
Literature Search
The selection process for the articles is shown
in Figure 1. A total of 376 articles were automatically
identiﬁed by applying the search keywords. Of these, 357
were excluded for not meeting the inclusion criteria: 20
articles were published in languages other than English; 300
articles were not reporting on RCT; 27 articles were of
studies conducted with participants who did not have
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hepatic cirrhosis; and 10 articles reported on outcomes that
were not relevant to the aim of the present systematic
review (eg, hepatic and systemic hemodynamic alterations,
hepatic venous pressure gradient, portal pressure, sponta-
neous bacterial peritonitis, liver function recovery, and
neutrophil function). A total of 19 RCTs were included in
this systematic review.12,28–45
Characteristics of the Trials and Participants
Nine trials investigated probiotics/symbiotics versus
placebo/no treatment,28,31–33,35–37,40,41 6 investigated pro-
biotics/symbiotics versus lactulose,12,30,38,42,44,45 2 inves-
tigated probiotics versus rifaximin,29,34 1 investigated
probiotics versus rifaximin and LOLA,43 and 1 looked at
probiotics versus lactulose and LOLA.39 The character-
istics of the RCT included in this systematic review are
presented in Table 1. The 19 eligible trials included a total
number of 1668 participants and consisted of 7 trials in
patients with cirrhosis,28–30,33,34,36,40 11 trials in patients
with cirrhosis and MHE12,31,32,35,37,39,41–45 and 1 trial in
patients with cirrhosis, OHE (grades I and II), and
hyperammonemia.38 All of the trials included patients
with a stable stage of cirrhosis as speciﬁed by their
exclusion criteria [history or presence of gastrointestinal
bleeding, infections, renal, heart and/or respiratory fail-
ure, electrolyte disturbances, hepatocellular carcinoma,
neurological diseases (Alzheimer and/or Parkinson),
spontaneous bacterial peritonitis, and inﬂammatory dis-
eases]. Males formed the predominant patient population
in all of the trials (n=1234; 73.9%) except in 2 that did
not mention the gender distribution.31,40
Quality Assessment
Table 2 shows the risk of bias assessment of the
included RCTs. According to The Cochrane Collabo-
ration’s tool results, 4 trials scored 6 to 7 points and were
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FIGURE 1. PRISMA flowchart showing study identification and selection process.
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TABLE 1. Characteristics of the Randomized Controlled Clinical Trials Included in the Present Systematic Review
References
Population Study and
Sample Size Study Groups
Length of Treatment and
Attrition Rates
Probiotics/symbiotics compared with placebo/no treatment
Lata et al28 39 patients with cirrhosis
Age (y):
Intervention group: 53.2
(35-65)
Control group: 51.4 (34-59)
Male: 61.5%
Female: 38.5%
Intervention group (n=22): 1 capsule containing
2.5-25109 CFU of Escherichia coli Nissle
(Mutaﬂor) for the ﬁrst 4 days, and after 5 days, 2
capsules were taken before breakfast.
Control group (n=17): capsules of placebo
containing sucrose
42 days
Total: 0.0% (0)
Bajaj et al31 25 nonalcoholic cirrhotic
patients with MHE
Age (y):
Intervention group:
52.0±8.0
Control group: 54.0±4.0
Intervention group (n=17): probiotic yogurt
[Lactobacillus acidophilus, Lactobacillus casei,
Lactobacillus bulgaricus, Biﬁdobacterium, and
Streptococcus thermophiles (12 ounces/day)]
Control group (n=8): no treatment
2mo
Intervention group: 17.6%
(3)
Control group: 0.0% (0)
Pereg et al40 40 patients with cirrhosis
Age (y):
Intervention group:
63.2±10.5
Control group: 65.9±8.4
Intervention group (n=20): capsules containing 4
freeze-dried bacteria (L. acidophilus, L. bulgaricus,
Biﬁdobacterium biﬁdum, and Streptococcus
thermophilus) each at a daily dose of 21010 CFU
Control group (n=20): capsules of placebo
containing wheat-based nonfermentable ﬁbers
6mo
Intervention group: 10.0%
(2)
Control group: 10.0% (2)
Saji et al41 43 patients with cirrhosis
and MHE
Age (y):
Intervention group:
50.6±5.8
Control group: 52.1±10.1
Male: 92.5%
Female: 7.5%
Intervention group (n=21): 1 sachet containing
1.251012 spores of L. acidophilus, Lactobacillus
rhamnosus, Biﬁdobacterium longum, and
Sacharomyces boulardi, tid after meals
Control group (n=22): placebo powder in identical
looking sachet, tid after meals
1mo
Intervention group: 4.7%
(1)
Control group: 9.0% (2)
Bajaj et al32 37 patients with cirrhosis
and MHE
Age (y):
Intervention group:
56.3±9.0
Control group: 58.4±4.3
Male: 67.5%
Female: 32.5%
Intervention group (n=18): Lactobacillus LG AT
53103 at a dose of 501012 CFU
Control group (n=19): placebo without probiotic
2mo
Intervention group: 16.6%
(3)
Control group: 15.7% (3)
Dhiman et al33 130 patients with cirrhosis
Age (y):
Intervention group: 48.0
(45.2-50.8)
Control group: 50.1 (47.6-
52.5)
Male: 85.6%
Female: 15.4%
Intervention group (n=66): VSL#3, lyophilized
probiotic preparation granulated powder with 4
Lactobacillus species (L. paracasei, L. plantarum,
L. acidophilus, and L. bulgaricus), 3
Biﬁdobacterium species (B. longum, B. infantis, and
B. breve) and Streptococcus thermophilus in a dose
of 1 sachet/day with 91011 CFU per sachet
Control group (n=64): corn ﬂour placebo
6mo
Intervention group: 40.9%
(27)
Control group: 28.1% (18)
Lunia et al36 160 patients with cirrhosis
Mean age: 48.6±11.1 y
Male: 60.0%
Female: 40.0%
Intervention group (n=86): VSL#3 (B. breve, B.
longum, B. infantis, L. acidophilus, L. plantarum, L.
paracasei, L. bulgaricus, and S. thermophiles); 3
capsules/day; total dose 1.11012 CFU
Control group (n=74): no treatment
3mo
Total: 6.9% (11)
Malaguarnera
et al37
60 patients with cirrhosis
and MHE
Age (y):
Intervention group:
46.0±11.0
Control group:45.0±12.0
Male: 55.0%
Female: 45.0%
Intervention group (n=30): B. longum+FOS
Control group (n=30): placebo (vitamins B1, B2, B6,
and B12)
3mo
Total: 0.0% (0)
Liu et al35 55 patients with cirrhosis
and MHE
Age (y):
Group A: 55.0±12.0
Group B: 53.0±10.0
Group C: 57.0±12.0
Male: 96.3%
Female: 3.7%
Group A (n=20): 1 sachet/day; symbiotic (4 freeze-
dried bacteria (Pediacoccus pentoseceus,
Leuconostoc mesenteroides, L. paracasei, and L.
plantarum), each at a dose of 11010 CFU per
sachet and 10 g of bioactive, fermentable ﬁber (b
glucan, inulin, pectin, and resistant starch)
Group B (n=20): 1 sachet/day of only the bioactive,
fermentable ﬁbers described above
Group C (n=15): 1 sachet/day of a wheat-based,
nonfermentable placebo
1mo
Total: 0.0% (0)
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TABLE 1. (continued)
References
Population Study and
Sample Size Study Groups
Length of Treatment and
Attrition Rates
Probiotics/symbiotics compared with lactulose
Agrawal et al30 235 patients with cirrhosis
Age: 18-70 y
Male: 84.6%
Female: 15.4%
Group A (n=80): 30-60mL of lactulose; group B
(n=77): 3 capsules/day containing 112.51011
CFU/capsule of viable lyophilized bacteria (4
strains of Lactobacillus (L. casei, L. plantarum, L.
acidophilus, and L. bulgaricus], 3 strains of
Biﬁdobacterium (B. longum, B. breve, and B.
infantis) and S. thermophiles; group C (n=78): no
treatment
12mo
Group A: 15.0% (12)
Group B: 16.8% (13)
Group C: 16.6% (13)
Ziada et al45 90 patients with cirrhosis
and MHE
Age (y):
Group A: 48.8±8.2
Group B: 50.3±7.8
Group C: 51.2±7.5
Male: 73.3%
Female: 26.7%
Group A (n=30): 30-60mL of lactulose; group B
(n=30): L. acidophilus 1106 CFU/capsule tid;
Group C (n=30): control
1mo
Group A: 6.7% (2)
Group B: 3.3% (1)
Group C: 0.0% (0)
Malaguarnera
et al38
125 patients with cirrhosis,
OHE (grades 1 and 2) and
hyperammonemia
Mean age: 50.1±9.4
Male: 91.6%
Female: 8.4%
Group A (n=63; 31 OHE grade 1, 32 OHE grade
2): lactulose; Group B (n=62; 31 OHE grade 1, 31
OHE grade 2): B. longum+FOS
2mo
Total: 0.0% (0)
Pratap Mouli
et al12
120 patients with cirrhosis
and MHE
Age (y):
Group A: 44.2±10.4
Group B: 39.6±11.4
Male: 91.6%
Female: 8.4%
Group A (n=60): lactulose 30-60mL/d; group B
(n=60): VSL#3 (B. breve, B. longum, B. infantis,
L. acidophilus, L. plantarum, L. paracasei, L.
bulgaricus, and S. thermophiles); 4 capsules/day;
total dose 4.51012 CFU
2mo
Group A: 33.3% (20)
Group B: 45.0% (27)
Sharma et al42 105 patients with cirrhosis
and MHE
Mean age: 42.2±11.8 y
Male: 75.2%
Female: 24.8%
Group A (n=35): lactulose 30-60mL/d; group B
(n=35): lyophilized probiotics 1 capsule tid (each
capsule: Streptococcus faecalis, 60 million;
Clostridium butyricum, 4 million; Bacillus
mesentericus, 2 million; and Lactobacillus, 100
million); group C (n=35): 30-60mL/d of
lactulose+probiotics
1mo
Group A: 11.4% (4)
Group B: 11.4% (4)
Group C: 14.2% (5)
Shavakhi et al44 60 patients with cirrhosis
and MHE
Mean age: 38.4±9.6 y
Male: 80.0%
Female: 20.0%
Group A (n=19): lactulose 30-60mL/d plus
FOS+ lyophilized probiotics [Lactobacillus strains
(L. casei, L. rhamnosus, L. acidophilus, and L.
bulgaricus)], Biﬁdobacterium strains (B. breve and
B. longum) and S. thermophiles in a total of 1108
CFU per capsule, twice a day; group B (n=21):
lactulose 30-60mL/d+placebo; group C (n=20):
FOS+probiotics
10wk
Group A: 5.2% (1)
Group B: 4.7% (1)
Group C: 0.0% (0)
Probiotics/symbiotics compared with rifaximin and/or LOLA
Lighthouse et al34 30 patients with cirrhosis
Age range: 51-71 y
Male: 56.6%
Female: 43.4%
Group A (n=10): rifaximin 400mg tid for 2wk;
group B (n=10): probiotic SCM-III (L.
acidophilus, Lactobacillus helveticus, and
Biﬁdobacterium) 10ml tid for 2wk; group C
(n=10): rifaximin 400mg tid for 1wk followed by
SCM-III 10ml tid for 5wk
6wk
Total: 0.0% (0)
Hotten et al29 30 patients with cirrhosis
Age range: 58-74 y
Male: 63%
Female: 37%
Group A (n=10): 20 g of lactitol tid; group B
(n=10): 400mg of rifaximin bid; group C
(n=10): SCM-III [L. acidophilus, Biﬁdobacterium,
L. bulgaricus in an ion/vitamin/phytochemical
extracts-enriched medium (microﬂorana-F)] 10mL
tid
3wk
Total: 0.0% (0)
Sharma et al43 124 patients with cirrhosis
and MHE
Mean age: 39.1±12.8 y
Male: 62.0%
Female: 38.0%
Group A (n=31): 18 g of LOLA tid; group B
(n=31): 400mg of rifaximin tid; group C
(n=32): 51012 CFU of lyophilized probiotics
(L. acidophilus, L. rhamnosus, L. plantarum, L.
casei, B. longum, B. infantis, B. breve,
Sacchromyces boulardi, and S. thermophiles); group
D (n=30): placebo
2mo
Total: 16.1% (20)
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considered as low risk of bias,30,31,33,37 3 trials were classi-
ﬁed as having moderate risk of bias because they scored 8
points,12,32,36 and 12 trials scored Z10 points and were
considered at high risk of bias.28,29,34,35,38–45
The GRADE assessment of the quality of a body of
evidence is displayed in Table 3. The quality of evidence
regarding the eﬀect of probiotics versus placebo on the devel-
opment of OHE was considered moderate and the quality of
the evidence for the reversal of MHE when the interventions
were probiotics versus placebo or lactulose was assessed as
being very low.
The evidence was considered as being low quality for
the reduction of inﬂammation (probiotics vs. placebo), the
reversal of MHE (probiotics vs. LOLA) and the develop-
ment of OHE (probiotics vs. lactulose). The evidence for
the reduction of ammonia levels was considered very low
quality when the interventions were probiotics versus pla-
cebo and symbiotics versus lactulose; low quality for pro-
biotics versus lactulose; and moderate quality when the
intervention was symbiotics versus placebo.
Primary Outcomes
It was not possible to conduct a meta-analysis on the
reduction of endotoxemia and changes on intestinal
microﬂora due to the clinical heterogeneity on the reporting
outcomes.
Changes on Intestinal Microflora
Four trials28,31,35,45 reported a statistically signiﬁcant
increase of the beneﬁcial bacteria such as Lactobacillus and
Biﬁdobacterium and 5 trials28,31,35,36,45 reported a signiﬁcant
decrease of SIBO when probiotics, symbiotics, and lactu-
lose were compared with placebo/no treatment. According
to the trial of Ziada et al,45 no signiﬁcant diﬀerences were
observed on the gut microbiota when probiotics and lac-
tulose were compared; however, probiotics signiﬁcantly
decreased the total count of pathogenic bacteria (eg, Bac-
teroides and Clostridium) when compared with rifaximin.29
Reduction of Inflammation
Three trials evaluated the eﬀect of probiotics on
inﬂammation. The pooled result showed that probiotics did
not demonstrate any signiﬁcant eﬀect on the reduction of
tumor necrosis factor-a (RR, 1.32; 95% CI: 3.56, 0.93;
P=0.25) or interleukin-6 (RR, 2.15; 95% CI: 0.20, 4.50;
P=0.07) in comparison with placebo/no treatment.31–33
Reduction of Endotoxemia
In 3 of the 19 trials included in this review,31,33,35 a
signiﬁcant decrease of endotoxemia was observed when
either probiotics or symbiotics were used as the intervention
compared with placebo/no treatment.
Secondary Outcomes
Reversal of MHE and Development of OHE
Figures 2 and 3 display the results of the meta-analysis
on the improvement of MHE and the prevention of OHE,
respectively. Six of 9 trials31,35,36,39,43,45 showed a signiﬁcant
reversal of MHE when probiotics were used as the inter-
vention compared with placebo/no treatment (RR, 1.53;
95% CI: 1.14, 2.05; P=0.005); however, the 9 tri-
als31,33,35,36,39,40,42,43,45 evaluating the eﬀect of probiotics
versus placebo on the reversal of MHE had substantial and
signiﬁcant statistical heterogeneity (I2=59%; P=0.01).
Probiotics showed no signiﬁcant improvement of MHE in
comparison with lactulose (RR, 0.92; 95% CI: 0.72, 1.18;
P=0.52)39,42,43,45 or LOLA (RR, 0.87; 95% CI: 0.57, 1.32;
P=0.50).39,43 Only 1 trial43 reported a signiﬁcant diﬀer-
ence when probiotics were compared with rifaximin in
reversing MHE.
Probiotics signiﬁcantly reduced OHE development
(RR, 0.62; 95% CI: 0.48, 0.80; P=0.0002) compared with
placebo/no treatment.33,34,36,39,42,46 In comparison with
lactulose, probiotics had no signiﬁcant eﬀect on the pre-
vention of OHE (RR, 1.25; 95% CI: 0.82, 1.89;
P=0.30).16,33,42,46
Reduction of Ammonia Levels
Figure 4 shows the results of the meta-analysis on the
reduction of ammonia levels. Seven trials evaluated the
eﬀect of probiotics on ammonia levels compared with pla-
cebo/no treatment30,31,33,36,39,40,45; 2 assessed the eﬀect of
symbiotics versus placebo35,37; 4 compared the eﬀect of
probiotics and lactulose12,30,42,45; and 2 evaluated the eﬀect
of symbiotics versus lactulose.38,42 Probiotics and sym-
biotics had no signiﬁcant eﬀect on ammonia levels when
compared with placebo (WMD, 6.16; 95% CI: 15.57,
3.26; P=0.20) and lactulose (WMD, 5.25; 95% CI:
14.36, 3.85; P=0.26), respectively, but a reduction in
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TABLE 1. (continued)
References
Population Study and
Sample Size Study Groups
Length of Treatment and
Attrition Rates
Mittal et al39 160 patients with cirrhosis
and MHE
Age (y):
Group A: 41.2±11.9
Group B: 43.8±10.9
Group C: 44.2±11.8
Group D: 42.1±8.7
Male: 76.8%
Female: 23.2%
Group A (n=40): standard treatment for cirrhosis;
group B (n=40): lactulose, 30-60mL/d;
group C (n=40): 1.101010 CFU of probiotics;
group D (n=40): 18 g of LOLA/day
3mo
Group A: 22.5% (9)
Group B: 12.5% (5)
Group C: 15.0% (6)
Group D: 20.0% (8)
bid indicates twice per day; CFU, colony-forming units; FOS, fructo-oligosaccharide; LOLA, L-ornithine-L-aspartate; MHE, minimal hepatic encephal-
opathy; OHE, overt hepatic encephalopathy; tid, 3 times a day.
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ammonia levels in favor of probiotics was observed when
compared with lactulose (WMD, 4.54; 95% CI: 9.53,
0.45; P=0.07). Symbiotics signiﬁcantly decreased ammo-
nia levels when compared with placebo (WMD, 15.24;
95% CI: 26.01, 4.47; P=0.006) but with substantial
and signiﬁcant heterogeneity (I2=83%; P=0.02).
Improvement of Quality of Life
In 1 trial,33 probiotics were shown to signiﬁcantly
improve the physical function and role physical domains
and the physical component of the SF-36 quality of life
questionnaire when compared with placebo. In addition,
probiotics, lactulose, and LOLA signiﬁcantly improved
health-related quality of life versus no treatment, but no
diﬀerences were observed between the 3 groups.39
Probiotics Versus Rifaximin: Eﬀects on Ammonia and
Endotoxin Levels
In 1 pilot trial,34 30 patients with cirrhosis were allo-
cated by simple randomization to 3 groups: group A
(rifaximin for 2wk; n=10), group B (probiotics for 2wk;
n=10) and group C (rifaximin for 1wk followed by pro-
biotics for 5wk; n=10). Endotoxin and ammonia levels
signiﬁcantly decreased in groups A and B during the 2-week
period treatment. After the suspension of treatment,
endotoxin and ammonia levels showed a gradual increase in
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TABLE 2. Risk of Bias Assessment of the Included RandomizedAQ3 Controlled Clinical Trials
References
Sequence
Generation
Allocation
Concealment Blinding
Incomplete Outcome
Data Addressed
Free of Selective
Reporting
Other Potential
Threats to Validity
Total
Score
Lata et al28 2 2 2 2 2 2 12
Hotten et al29 2 2 2 2 1 2 11
Bajaj et al31 1 2 1 1 1 1 7
Pereg et al40 2 2 2 3 2 3 14
Saji et al41 1 2 2 3 2 2 12
Bajaj et al32 1 2 2 1 1 1 8
Dhiman et al33 1 1 1 2 1 1 7
Lunia et al36 1 1 1 3 1 1 8
Malaguarnera
et al37
1 2 1 1 1 1 7
Liu et al35 3 2 2 2 2 2 13
Agrawal et al30 1 1 1 1 1 1 6
Ziada et al45 2 2 3 2 1 2 12
Pratap Mouli
et al12
1 1 3 1 1 1 8
Sharma et al42 1 3 3 3 1 2 13
Malaguarnera
et al38
1 2 2 2 2 2 11
Shavakhi
et al44
1 2 3 2 1 2 11
Lighthouse
et al34
2 2 3 1 1 2 11
Sharma et al43 1 2 3 2 2 2 12
Mittal et al39 1 2 3 2 2 2 12
1= low-risk category; 2=uncertain category; 3=high-risk category.
Total score: 6 to 7= low risk of bias; 8 to 9=moderate risk of bias; Z10=high risk of bias.
TABLE 3. GRADE Assessment of the Quality of a Body of Evidence
Body of Evidence Risk of Bias Inconsistency Indirectness Imprecision Quality of Evidence
Reversal of MHE
Probiotics vs. placebo31,33,35,36,39,40,42,43,45 2 1 1 +1 +1 (very low)
Probiotics vs. lactulose12,39,42,45 2 0 1 0 +1 (very low)
Probiotics vs. LOLA39,43 1 1 0 0 +2 (low)
Development of OHE
Probiotics vs. placebo30,31,33,36,39,45 2 0 0 +1 +3 (moderate)
Probiotics vs. lactulose12,30,39,45 1 1 0 0 +2 (low)
Reduction of ammonia
Probiotics vs. placebo30,31,33,36,39,40,45 2 1 0 0 +1 (very low)
Symbiotics vs. placebo35,37 1 1 0 +1 +3 (moderate)
Probiotics vs. lactulose12,30,42,45 2 0 0 0 +2 (low)
Symbiotics vs. lactulose38,42 2 0 1 0 +1 (very low)
Reduction of inﬂammation
Probiotics vs. placebo31–33 1 1 0 0 +2 (low)
As all of the included studies were randomized controlled clinical trials, initial score was +4.
GRADE indicates grading of recommendations assessment, development and evaluation; LOLA, L-ornithine-L-aspartate; MHE, minimal hepatic ence-
phalopathy; OHE, overt hepatic encephalopathy.
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groups A and B, but this increase occurred earlier in group
A for endotoxin levels. Group C experienced the most
signiﬁcant long-standing normalization of endotoxin and
ammonia levelsAQ4 (Fig. 5).
DISCUSSION
The results of the present review suggest that therapy
with probiotics and symbiotics signiﬁcantly decreases
endotoxemia and changes the alterations of intestinal
microﬂora by increasing the counts of beneﬁcial bacteria
and decreasing SIBO compared with placebo/no treatment.
This review also showed that probiotics were as good as
lactulose in changing the gut microbiota (ie, increase on
beneﬁcial bacteria and decrease of SIBO), reversing MHE,
preventing the development of OHE and reducing ammo-
nia levels. When meta-analyses were able to be performed,
it was reported that probiotics reverse MHE and prevent
the development of OHE in comparison with placebo/no
treatment. In addition, symbiotics signiﬁcantly reduced
ammonia levels compared with placebo/no treatment.
The intestinal overgrowth of pathogenic bacteria (ie,
SIBO) increases the production and absorption of ammo-
nia and endotoxins, which interact with Toll-like receptors
leading to the activation of immune response and systemic
inﬂammation.9 High-serum concentrations of proinﬂammatory
cytokines exacerbate the cerebral eﬀect of ammonia,47,48
which synergistically produce cognitive impairment and
worsen the symptoms of HE. This interrelated process has
been proposed as the possible leading culprit in the devel-
opment of HE.9 Probiotics and symbiotics have the bene-
ﬁcial eﬀect of modulating the intestinal microﬂora through
substrate deprivation for potentially pathogenic bacteria,
have the ability to increase fecal ammonia nitrogen and
pathogenic bacteria excretion and are consequently a
potential therapy for HE.9,16 In this systematic review,
probiotics failed to demonstrate a beneﬁcial eﬀect on
ammonia levels, which is in agreement with ﬁndings of
previous systematic reviews17,20; conversely, symbiotics did
reduce ammonia levels. Nevertheless, both bodies of evi-
dence (ie, eﬀect of probiotics or symbiotics on ammonia)
showed statistical heterogeneity in eﬀect sizes making it
diﬃcult to draw meaningful conclusions about the beneﬁts
of probiotics and symbiotics on ammonia levels. Even
though probiotics have been shown to improve the intes-
tinal permeability,49 decrease the absorption of endotox-
ins35 and, therefore, reduce local and systemic inﬂamma-
tion,32 ﬁndings of the present meta-analysis showed that
probiotics have no signiﬁcant eﬀect on the reduction of
proinﬂammatory cytokines such as tumor necrosis factor-a
and interleukin-6 compared with placebo/no treatment; this
might be attributed to the small sample sizes of the included
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FIGURE 2. Forest plot displaying the effect of probiotics versus placebo, LOLA on the reversal of minimal hepatic encephalopathy.
CI indicates confidence interval; LOLA, lactulose or L-ornithine-L-aspartate.
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trials in the meta-analysis, which were underpowered to
detect statistically signiﬁcant diﬀerences. The signiﬁcant
reduction of SIBO and endotoxemia using either probiotics
or symbiotics reported by 6 trials in the present systematic
review28,31,33,35,36,45 might partially explain the positive
eﬀects observed on the reversal of MHE and the prevention
of the development of OHE.
Lactulose has for many years been considered the
mainstay treatment for HE. It is eﬀective in decreasing
ammonia synthesis and absorption in the gut by acidifying
the colonic lumen. This is as a result of the production of
organic acids by bacterial fermentation (prebiotic eﬀect),
which increases fecal weight and shortens gastrointestinal
transit time,10 and also modulates the gut microﬂora by
reducing pathogenic bacteria such as Clostridium and
increasing acid-producing bacteria such as Biﬁdobacterium
and Lactobacillus.49 However long-term adherence to
treatment with lactulose is very diﬃcult to achieve because
of its common side eﬀects. In this systematic review, 24.4%
of the patients included in the lactulose groups experienced
diarrhea, bloating, ﬂatulence, nausea, unpleasant taste,
abdominal pain, and cramping,12,30,38,44,45 whereas only
few patients included in the probiotics groups (6.8%)
experienced mild bloating.12,30,44 Probiotics had fewer side
eﬀects than lactulose which might improve patient’s com-
pliance; however, there is still need of further research to
conﬁrm this.
The administration of LOLA in cirrhotic patients for
the treatment of HE has been considered due to its eﬃcacy
in reducing ammonia levels.15,46 Eight RCTs have demon-
strated that LOLA improves both MHE and OHE by
decreasing serum ammonia concentrations compared with
the placebo/control groups.46 However, later increases in
ammonia levels appear to occur once treatment with LOLA
is discontinued.10 Few studies have compared the beneﬁts
of LOLA against other therapies for HE such as lactulose50
and probiotics.39,43 In the present systematic review,
probiotics showed similar eﬃcacy as LOLA in reversing
MHE, but this should be interpreted with caution due to
the small sample sizes, short length of treatment, and low
quality of the included trials.39,43 Consequently, future high
quality and larger studies are needed to evaluate the eﬃcacy
of both probiotics and LOLA in improving HE.
Rifaximin, a broad-spectrum antibiotic that acts
against pathogenic ammonia-producing enteric bacteria, is
the ﬁrst antibiotic to be licensed as maintenance treatment
for HE and has been proven to be safe, well-tolerated, and
eﬀective in reducing the recurrence of OHE and HE-related
hospitalizations.51 Nevertheless, long-term treatment with
rifaximin is markedly expensive [eg, 550mg twice daily per
year ($5250)] in comparison with other therapies used in
clinical practice [eg, 1-year treatment with lactulose (30 to
60mL/d) is $236 and with LOLA (500mg/d) is $490] and
probiotics (eg, 1-year treatment with probiotic VSL#3 is
$900). In the reviewed trials, probiotics had a statistically
signiﬁcant eﬀect on the reduction of pathogenic bacteria (ie,
SIBO) in comparison with rifaximin,29 but no signiﬁcant
diﬀerences regarding the reversal of MHE43 and reduction
of ammonia and endotoxin levels34 were observed. Thus,
further studies with longer follow-ups and bigger sample
sizes are needed to evaluate and conﬁrm the eﬃcacy and
cost-eﬀectiveness of probiotics compared with rifaximin in
the treatment of HE.
The optimal dose [colony forming units (CFU)], the
method of delivery and the diﬀerent probiotic species (use a
single or a combination of probiotics) are the main topics
regarding the use and eﬀectiveness of probiotics that remain
inconclusive. It is currently very diﬃcult to interpret data
from clinical trials using probiotics as the intervention, not
only for the treatment of HE but also for other gastro-
intestinal diseases. The optimal number of CFU to claim a
beneﬁcial eﬀect of probiotics is not yet known. Most of the
clinical trials conducted in humans have used doses based
on animal studies.52 In the present review, all of the
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FIGURE 3. Forest plot displaying the effect of probiotics versus placebo or lactulose on the development of overt hepatic encephal-
opathy. CI indicates confidence interval.
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FIGURE 4. Forest plot displaying the effect of probiotics and symbiotics versus placebo or lactulose in the reduction of ammonia levels.
CI indicates confidence interval.
FIGURE 5. Forest plot displaying the effect of probiotics versus placebo on the reduction of inflammation. A, Reduction of tumor
necrosis factor-a. B, Reduction of interleukin-6. CI indicates confidence interval.
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included studies used diﬀerent doses of CFU, which range
from 1106 to 501012 CFU. Although positive results
were seen on gut microﬂora, endotoxemia, and HE in
studies using doses from 1106 CFU45 to 51012 CFU,43
no signiﬁcant changes in HE were observed in 2 studies
using a considerable number of CFU (1.251012 CFU41
and 501012 CFU.32)
The method of delivery (yogurt vs. freeze-dried/
lyophilized bacteria) may have an impact on the surviv-
ability rates when passing through stomach acid and also
on the viability to colonize the intestine.52 In this review, all
of the studies delivered probiotics in a freeze-dried state,
except one that used a commercial yogurt (not currently
available)31. However, only 4 studies28,32,35,45 reported a
signiﬁcant increase in the gut content of beneﬁcial bacteria,
mainly Lactobacillus and Biﬁdobacterium species; therefore,
it cannot be assumed that probiotics survived and were able
to colonize the gut in the other studies.
Not all probiotics have the same properties; certain species
may oﬀer diﬀerent immunological and physiological eﬀects.52
Only 5 of the studies included in this review used single-
probiotic species: Biﬁdobacterium longum,37,38 Lactobacillus LG
AT,32 Escherichia coli Nissle,28 and Lactobacillus acid-
ophilus,45 whereas the remaining studies included a combi-
nation of diﬀerent probiotic species, mainly Lactobacillus,
Biﬁdobacterium, and Streptococcus; consequently, the sig-
niﬁcant changes observed in the single-probiotic studies can
be attributed to those particular species, whereas in the rest
of the studies the combination of diﬀerent probiotics spe-
cies might have had a synergistic beneﬁcial eﬀect on the
host gut microﬂora.
The main strengths of the present systematic review
and meta-analysis are as follows: (1) the literature search
was conducted according to the PRISMA guidelines,23
which helped to improve the clarity and transparency of the
systematic review; and (2) the bibliographic searching was
performed in 4 diﬀerent databases with speciﬁc and well-
deﬁned keywords and therefore it was considered an
extensive and complete search. However, there are some
limitations that need to be highlighted: (1) the method-
ological quality of most of the included RCT was far from
optimal. Lack of blinding, incomplete outcome data
addressed and inconsistency (ie, statistical heterogeneity)
were the quality assessment categories that contributed the
most to this and inﬂuenced the results of the meta-analyses
that were able to be performed; (2) the follow-up of almost
all of the included trials was relatively short, which may
limit the assessment of certain outcomes such as reversal of
MHE and reduction of chronic inﬂammation, because both
conditions have a more subtle course; and (3) sample sizes
were small in the included trials, which also inﬂuenced the
results of the possible meta-analysis performed and there-
fore caution should be taken when extrapolating the data to
the general population with cirrhosis. Nevertheless, this is
the ﬁrst systematic review that provided for the ﬁrst time
valuable information regarding the eﬃcacy of probiotics in
improving the intestinal microﬂora, endotoxemia, and
inﬂammation in patients with hepatic cirrhosis, which may
have clinical signiﬁcance in supporting this population.
In conclusion, ﬁndings of the present systematic review
and meta-analysis have important clinical and research
implications because they suggest that either probiotics or
symbiotics could be an eﬀective and well-tolerated alter-
native or complementary treatment to the standard therapy
with lactulose to change the intestinal microﬂora and
reduce endotoxemia and ammonia levels, and consequently
to reverse MHE and prevent the development of OHE in
patients with a stable stage of cirrhosis. Nevertheless, this
review highlights the need for larger scale and high-quality
RCTs with longer follow-ups to investigate the eﬀect of
probiotics and symbiotics in changes on gut microbiota,
reduction of endotoxemia, inﬂammation and ammonia,
prevention and/or reversal of HE, and improvement of
quality of life. In addition, further research is needed to
evaluate the eﬃcacy, cost-eﬀectiveness, and tolerance of
probiotics and symbiotics compared with rifaximin and
LOLA in the treatment of HE to recommend their alter-
native use in clinical practice.
REFERENCES
1. Ratib S, West J, Crooks CJ, et al. Diagnosis of liver cirrhosis in
England, a cohort study, 1998-2009: a comparison with cancer.
Am J Gastroenterol. 2014;109:190–198.
2. Bhala N, Aithal G, Ferguson J. How to tackle rising AQ5rates of
liver disease in the UK. BMJ. 2013;346:f807.
3. Scaglione S, Kliethermes S, Cao G, et al. The epidemiology of
cirrhosis in the United States: a population-based study. J Clin
Gastroenterol. 2015;49:690–696.
4. Neff GW, Duncan CW, Schiff ER. The current economic
burden of cirrhosis. Gastroenterol Hepatol. 2011;7:661–671.
5. Ferenci P, Lockwood A, Mullen K, et al. Hepatic
encephalopathy—definition, nomenclature, diagnosis, and
quantification: final report of the working party at the 11th
World Congresses of Gastroenterology, Vienna, 1998. Hep-
atology. 2002;35:716–721.
6. Stinton LM, Jayakumar S. Minimal hepatic encephalopathy.
Can J Gastroenterol. 2013;27:572–574.
7. Dhiman RK, Chawla YK. Minimal hepatic encephalopathy:
time to recognise and treat. Trop Gastroenterol. 2008;29:6–12.
8. Ortiz M, Jacas C, Co´rdoba J. Minimal hepatic encephalop-
athy: diagnosis, clinical significance and recommendations.
J Hepatol. 2005;42:S45–S53.
9. Dhiman RK. Gut microbiota and hepatic encephalopathy.
Metab Brain Dis. 2013;28:321–326.
10. Prasad S, Dhiman RK, Duseja A, et al. Lactulose improves
cognitive functions and health related quality of life in patients
with cirrhosis who have minimal hepatic encephalopathy.
Hepatology. 2007;45:549–559.
11. Dhiman RK, Sawhney MS, Chawla YK, et al. Efficacy of
lactulose in cirrhotic patients with subclinical hepatic ence-
phalopathy. Dig Dis Sci. 2000;45:1549–1552.
12. Pratap Mouli V, Benjamin J, Bhushan Singh M, et al. Effect of
probiotic VSL#3 in the treatment of minimal hepatic
encephalopathy: a noninferiority randomized controlled trial.
Hepatol Res. 2015;45:880–889.
13. Poh Z, Chang PEJ. A current review of the diagnostic and
treatment strategies of hepatic encephalopathy. Int J Hepatol.
2012;2012:480309.
14. Scott LJ. Rifaximin: a review of its use in reducing recurrence
of overt hepatic encephalopathy episodes. Drugs.
2014;74:2153–2160.
15. Cash WJ, McConville P, McDermott E, et al. Current concepts
in the assessment and treatment of hepatic encephalopathy.
QJM. 2010;103:9–16.
16. Chow J. Probiotics and prebiotics: a brief overview. J Ren
Nutr. 2002;12:76–86.
17. Xu J, Ma R, Chen LF, et al. Effects of probiotic therapy on
hepatic encephalopathy in patients with liver cirrhosis: an
updated meta-analysis of six randomized controlled trials.
Hepatobiliary Pancreat Dis Int. 2014;13:354–360.
18. Shukla S, Shukla A, Mehboob S, et al. Meta-analysis: the
effects of gut flora modulation using prebiotics, probiotics and
symbiotics on MHE. Aliment Pharmacol Ther. 2011;33:
662–671.
1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95
97
99
101
103
105
107
109
111
113
115
117
119
121
123
125
127
129
J Clin Gastroenterol  Volume 00, Number 00, ’’ 2016 The EffectsAQ1 of Probiotics and Symbiotics
Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved. www.jcge.com | 11
Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.
19. Holte K, Krag A, Gluud LL. Systematic review and meta-
analysis of randomized trials on probiotics for hepatic
encephalopathy. Hepatol Res. 2012;42:1008–1015.
20. McGee RG, Bakens A, Wiley K, et al. Probiotics for patients
with hepatic encephalopathy. Cochrane Database Syst Rev.
2011;11:CD008716.
21. Zhao LN, Yu T, Lan SY, et al. Probiotics can improve the
clinical outcomes of hepatic encephalopathy: an update meta-
analysis. Clin Res Hepatol Gastroenterol. 2015;39:674–682.
22. Saab S, Suraweera D, Au J, et al. Probiotics are helpful in
hepatic encephalopathy: a metaAQ6 -analysis of randomized trials.
Liver Int. 2015;’:’.
23. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med. 2009;151:264–269.
24. Higgins JPT, Green S. Cochrane handbook for systematic
reviews of interventions: version 5.1.0. Part 2. General methods
for Cochrane reviews. Chapter 8: assessing risk of bias in
included studies. 2011. Available at:AQ7 www.handbook.cochrane.
org.
25. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1.
Introduction-GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. 2011;64:383–394.
26. Balshem H, Helfand M, Schunemann HJ, et al. GRADE
guidelines: 3. Rating the quality of evidence. J Clin Epidemiol.
2011;64:401–406.
27. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7.
Rating the quality of evidence—inconsistency. J Clin Epide-
miol. 2011;64:1294–1302.
28. Lata J, Novotny´ I, Prı´bramska´ V, et al. The effect of probiotics
on gut flora, level of endotoxin and Child-Pugh score in
cirrhotic patients. Eur J Gastroenterol Hepatol.
2007;19:1111–1113.
29. Hotten P, Marotta F, Naito Y, et al. Effects of probiotics,
lactitol and rifaximin on intestinal flora and fecal excretion of
organic acids in cirrhotic patients. Chin J Dig Dis.
2003;4:13–18.
30. Agrawal A, Sharma BC, Sharma P, et al. Secondary
prophylaxis of hepatic encephalopathy in cirrhosis: an open-
label, randomized controlled trial of lactulose, probiotics, and
no therapy. Am J Gastroenterol. 2012;107:1043–1050.
31. Bajaj JS, Saeian K, Christensen KM, et al. Probiotic yogurt for
the treatment of minimal hepatic encephalopathy. Am J
Gastroenterol. 2008;103:1707–1715.
32. Bajaj JS, Heuman DM, Hylemon PB, et al. Randomised
clinical trial: Lactobacillus GG modulates gut microbiome,
metabolome and endotoxemia in patients with cirrhosis.
Aliment Pharmacol Ther. 2014;39:1113–1125.
33. Dhiman RK, Rana B, Agrawal S, et al. Probiotic VSL#3
reduces liver disease severity and hospitalization in patients
with cirrhosis: a randomized, controlled trial. Gastroenterol-
ogy. 2014;147:1327–1337.
34. Lighthouse J, Naito Y, Helmy A, et al. Endotoxinemia and
benzodiazepine-like substances in compensated cirrhotic
patients: a randomized study comparing the effect of rifax-
imine alone and in association with a symbiotic preparation.
Hepatol Res. 2004;28:155–160.
35. Liu Q, Duan ZP, Ha DK, et al. Synbiotic modulation of gut
flora: effect on minimal hepatic encephalopathy in patients
with cirrhosis. Hepatology. 2004;39:1441–1449.
36. Lunia MK, Sharma BC, Sharma P, et al. Probiotics prevent
hepatic encephalopathy in patients with cirrhosis: a
randomized controlled trial. Clin Gastroenterol Hepatol.
2014;12:1003–1008.
37. Malaguarnera M, Greco F, Barone G, et al. Bifidobacterium
longum with fructo-oligosaccharide (FOS) treatment in mini-
mal hepatic encephalopathy: a randomized, double-blind,
placebo-controlled study. Dig Dis Sci. 2007;52:3259–3265.
38. Malaguarnera M, Gargante MP, Malaguarnera G, et al.
Bifidobacterium combined with fructo-oligosaccharide versus
lactulose in the treatment of patients with hepatic encephal-
opathy. Eur J Gastroenterol Hepatol. 2010;22:199–206.
39. Mittal VV, Sharma BC, Sharma P, et al. A randomized
controlled trial comparing lactulose, probiotics, and L-
ornithine L-aspartate in treatment of minimal hepatic
encephalopathy. Eur J Gastroenterol Hepatol. 2011;23:
725–732.
40. Pereg D, Kotliroff A, Gadoth N, et al. Probiotics for patients
with compensated liver cirrhosis: a double-blind placebo-
controlled study. Nutrition. 2011;27:177–181.
41. Saji S, Kumar S, Thomas V. A randomized double blind
placebo controlled trial of probiotics in minimal hepatic
encephalopathy. Trop Gastroenterol. 2011;32:128–132.
42. Sharma P, Sharma BC, Puri V, et al. An open-label
randomized controlled trial of lactulose and probiotics in the
treatment of minimal hepatic encephalopathy. Eur J Gastro-
enterol Hepatol. 2008;20:506–511.
43. Sharma K, Pant S, Misra S, et al. Effect of rifaximin,
probiotics, and l-ornithine l-aspartate on minimal hepatic
encephalopathy: a randomized controlled trial. Saudi J Gastro-
enterol. 2014;20:225–232.
44. Shavakhi A, Hashemi H, Tabesh E, et al. Multistrain probiotic
and lactulose in the treatment of minimal hepatic encephalop-
athy. J Res Med Sci. 2014;19:703–708.
45. Ziada DH, Soliman HH, El Yamany SA, et al. Can
Lactobacillus acidophilus improve minimal hepatic encephal-
opathy? A neurometabolite study using magnetic resonance
spectroscopy. Arab J Gastroenterol. 2013;14:116–122.
46. Bai M, Yang Z, Qi X, et al. L-ornithine-L-aspartate for hepatic
encephalopathy in patients with cirrhosis: a meta-analysis of
randomized controlled trials. J Gastroenterol Hepatol.
2013;28:783–792.
47. Seyan AS, Hughes RD, Shawcross DL. Changing face of
hepatic encephalopathy: role of inflammation and oxidative
stress. World J Gastroenterol. 2010;16:3347–3357.
48. Corridoni D, Pastorelli L, Mattioli B, et al. Probiotic bacteria
regulate intestinal epithelial permeability in experimental ileitis
by a TNF-dependent mechanism. PLoS One. 2012;7:
e42067.
49. Sekhar MS, Unnikrishnan MK, Rodrigues GS, et al. Synbiotic
formulation of probiotic and lactulose combination for hepatic
encephalopathy treatment: a realistic hope? Med Hypotheses.
2013;81:167–168.
50. Poo JL, Go´ngora J, Sa´nchez-Avila F, et al. Efficacy of oral L-
ornithine-L-aspartate in cirrhotic patients with hyperammone-
mic hepatic encephalopathy. Results of a randomized,
lactulose-controlled study. Ann Hepatol. 2006;5:281–288.
51. Mullen KD, Sanyal AJ, Bass NM, et al. Rifaximin is safe and
well tolerated for long-term maintenance of remission from
overt hepatic encephalopathy. Clin Gastroenterol Hepatol.
2014;12:1390–1397.
52. Verna EC, Lucak S. Use of probiotics in gastrointestinal
disorders: what to recommend? Therap Adv Gastroenterol.
2010;3:307–319.
1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95
97
99
101
103
105
107
109
111
Viramontes Ho¨rner et al J Clin Gastroenterol  Volume 00, Number 00, ’’ 2016
12 | www.jcge.com Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.
Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.
